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Figure 4.1. Map of IGMETS-participating North Atlantic time series, with zoomed insets for the Baltic Sea and Mediterranean Seaon a

background of a 10-year time-window (2003t 2012) sea surface temperature trends (see alsbigures 4.3, 4.8, and 4.9 At the time of this

report, the North Atlantic collection consisted of 211 time series (coloured symbols of any type), of which 39 were from Continuous

Plankton Recorder subareas (blue boxes), and 37 were from estuarine areas (yellow stars). Dashed lines indicate boundaries tieeen

IGMETS regions. Uncoloured (gray) symbols indicate time series being addressed in a dfferent regional chapter (e.g. Arctic Ocean,

South Pacific). See Tabls4.3t45 k wi OUWEwWODUUDOT woOi wiOi PUwUI 1 DOOzZUwWwxEUUDPEDXxEUDOT wUDPUI
presented in the Annex.
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4.1 Introduction

The North Atlantic Ocean represents 46 million km 2 of
the global ocean. This region (Figure 4.1)is characterized
by unique geomorphological features that greatly affect
water circulation and oceanographic processes, showing
an asymmetry in surface temperature fields and currents
that have no homologues in other ocean basins
(Worthington, 1986; Marshall et al, 2001). In the North
Atlantic , surface circulation at mid -latitudes is dominat-
ed by the Gulf Stream (Figure 4.2). This current veers off
the American continent around Cape Hatteras (34°N). A
divergence of this current around 40°N creates the
southeasterly flow of the Azores Current and the north-
easterly flow of the North Atlantic Current, both con-
tributing to the gyre circulation in the central basin. The
whole current system greatly influences heat flow and
transport of water in the entire North Atlantic basin. The
protuberance of Brazil and the Guianas in South Ameri-
ca produces an asymmetry in the westward flow of the
trade winds, allowing the flow of equatorial surface
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waters into the North Atlantic and eventually into the

Gulf Stream and northern waters. The influence of the
tropical heat carried by these waters extends northward

of 60°N off Iceland. Restrictions to the bottom circulation

imposed by the Mid -Atlantic Ridge topography also

induce an asymmetry in the circulation between the

easternand western subbasins, thus causing measurable
differences in the corresponding marine ecosystems
(Longhurst, 2007).

The North Atlantic is one of the main regions of origin of

deep ocean water. The North Atlantic Deep Water
(NADW) is composed of several water masses formed
by the winter cooling of surface waters at high latitudes.

It is subsequently modified by deep convection and also

by overflow of dense water across the Greenlandt

Icelandt Scotland Ridge (Dickson and Brown, 1994). In
the North Atlantic , there are also several semienclosed
seas (marginal seas) with specific oceanographic condi-
tions, including the Caribbean Sea and Gulf of Mexico,
Mediterranean, Black Sea, North Seaand Baltic Sea
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Figure 4.2. Schematic of major current systems in the IGMETSdefined North Atlantic region. Red arrows indicate generally warmer

water currents; blue arrows indicate generally cooler water currents.
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Figure 4.3. Annual trends in North Atlantic region (a) sea surface temperature (SST)b) sea surface chlorophyll (CHL), and (c) correla-
tions between CHL and SST for each of the standard IGMETS tie-windows. See ?Methods? tadpter for a complete description and
methodology behind this figure.
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The general oceanography of the North Atlantic can be
affected, but also affects the climatic index known as
North Atlantic Oscillation (NAO), which is measured as
variations in atmospheric pressure fields over the basin.
The NAO influences the fluxes of heat and water, in-
cluding precipitation, with important conseque nces for
most ecosystem components (Hurrell and Dickson,
2004). However, there are additional climatic drivers
modulating or even compensating the effects of the
NAO at regional or local scale (Hemery et al, 2008). The
North Atlantic shows periodic changes in surface tem-
perature fields that are tracked as the Atlantic Multide-
cadal Oscillation (AMO, Knudsen et al, 2011) with
measurable effects on ecosystems (Hernandez-arifias et
al., 2014).

In this chapter, we describe the main patterns derived
from analysis of ecological time series compiled by
IGMETS during 19832012 to illustrate some of the vari-
ability of marine ecosystems at multiannual and regional
scales. More detailed tables and maps can be accessed in
the interactive IGMETS Explorer:

http://igmets.net/explorer/

4.2 General patterns of temperature and
phytoplankton biomass

Time series of gridded , large-scale observations derived
from reanalysed in situ and satellite data (Reynolds
Olv2-SST and OCCCHChl, see?Methods? chapter) indi-
cated a general warming paralleled by a decrease in
phytoplankton biomass. These trends were consistent
across various time-windows (Table 4.1, Figure 4.3).
Warming at a rate of 0.140.5°C decadé! was significant
for 86% of the region for the 30-year time-period (1983t
2012) while during short time-periods, regional variabil-
ity became increasingly important (Fig ure 4.3a). Indeed,
some regions, such as the Mediterranean Sea, were al-
most completely affected by warming. Notwithstanding
this general trend, local cooling was observed in the
eastern and central Atlantic when considering recent
years (16 and 5-year time-windows).
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In contrast to the SST trends, changes in chlorophyll
were more heterogeneous and, considering the 15year
time-window, the general decrease of up to 0.01 mg Chl
am'3 decadée?! observed was only significant for 38 % of
the region (Table 4.2). However, changes in enclosed
seas affectedover a larger area, as in the Mediterranean,
or were completely divergent from the general trend, as
occurred in the Baltic where surface chlorophyll in-
creased >0.5 mgChl am'3 decadé? in the 10- and 15-year
time-windows (Fig ure 4.3b). In all cases, the spaial
patchiness in the trends increased in the analysis of
shorter time-windows , likely as a result of local drivers.
For example, when comparing the 10- and 5-year time-
windows for SST (Figure 4.3a), some regions showed
reversed trends, such as theCaribbean (which cooled
over the 10-year time-window, but warmed over the 5 -
year window ). The same occurred with satellite-derived
Atlantic
where it decreased over the 5year time-window , but

chlorophyll, particularly in the  Northwest
showed an increasing trend for the 10-year period (Fig-
ure 4.3b). Nevertheless, over the past 15 yearsthere has
been a consistent increase in surface chlorophyll over
most of the continental margins and the open North
Atlantic (north of 50°N), while there was a decrease in

the central regions of the North Atlantic (Figure 4.3b).

Warming was negatively correlated with chlorophyll in
most of the region (Figure 4.3c), including the subtropi-
cal gyre and marginal seas (Caribbean and Mediterrane-
an), but there was a positive correlation between SST
and chlorophyll in some regions, such as at East Green-
land and the subpolar North Atlantic . At the longest
time-window considered (15-year time-window) , there
was a distinct latitudinal difference in the correlations,
with most of the area located south of 50°N showing
negative correlations both variables. Not excluding di-
rect effects of temperature on the physiological process-
es of phytoplankton, these relationships also support a
key role of stratification as the driver of changes in phy-
toplankton production either by limiting the input of
nutrients from deep layers in already stratified regions
(Behrenfeld et al, 2015) or by enhancing the access of
phytoplankton to light in already mixed waters (Trem-
blay and Gagnon, 2009).

59


http://igmets.net/explorer/

Table 4.1. Relative spatial areas (% of the total region) and rates of change within the North Atlant ic region (including the Baltic Sea
and Mediterranean Sea) region that are showing increasing or decreasing trends in sea surface temperature (SST) for each ohe stand-
ard IGMETS time-windows. Numbers in brackets indicate the % area with significant ( p<0.05) trends. See?Methods? chapter for a
complete description and methodology used.

Latitude -adjusted SST data field 5-year 10-year 15year 20-year 25-year 30-year
surface area = 46.1 million kmd (20082012)  (20032012)  (19982012)  (19932012)  (19882012) (1983 2012)
Area (%) w/increasing SSTrends 52.5% 50.3% 76.8% 95.7% 98.1% 99.1%
(p<0.09 (13.3%) (14.6%) (54.8%) (87.4%) (95.0%) (97.3%)
Area (%) w/decreasing SSfrends 47.5% 49.7% 23.2% 4.3% 1.9% 0.9%
(p< 0.09 (18.6%) (15.5%) (7.1%) (1.1%) (0.6%) (0.3%)
> 1.0°C decad€ warming 13.5% 3.4% 0.9% 0.7% 0.1% 0.0%
(p< 0.09 (8.1%) (3.3%) (0.9%) (0.7%) (0.1%) (0.0%)
0.5 to 1.0C decad€& warming 18.0% 5.0% 5.4% 10.0% 9.2% 6.7%
(p< 0.09 (4.6%) (4.1%) (5.4%) (10.0%) (9.2%) (6.7%)
17.0% 27.3% 56.3% 77.1% 83.3% 86.7%
(0.6%) (7.1%) (47.4%) (74.3%) (82.5%) (86.4%)
0.0 to 0.2C decad&" warming 4.1% 14.6% 14.2% 8.0% 5.4% 5.6%
(p< 0.09 (0.0%) (0.2%) (1.2%) (2.4%) (3.2%) (4.2%)
0.0 toi 0.1°C decad& cooling 3.9% 13.1% 10.0% 2.6% 1.3% 0.7%
(p< 0.09 (0.0%) (0.1%) (0.2%) (0.1%) (0.1%) (0.1%)
0.1 toi 0.5°C decad€& cooling 13.3% 29.2% 12.4% 1.4% 0.6% 0.2%
(p< 0.09 (0.7%) (8.7%) (6.1%) (0.8%) (0.4%) (0.1%)
15.7% 6.7% 0.7% 0.2% 0.1%
(6.6%) (6.1%) (0.6%) (0.2%) (0.1%)
14.6% 0.6% 0.2%
(11.3%) (0.6%) (0.2%)

4.3 Trends from in situ time series

The North Atlantic is home to the largest fraction of in
situ marine ecological time series globally, though most
of them are clustered around continental margins, many
in coastal waters (Table4.3). The distribution of sites is
also skewed to the temperate regions of the basin, with
very few stations located in subtropical and tropical
waters (Figure 4.4). Nevertheless, the data obtained still
serve as an invaluable tool to examine the consistency
between local and regional changes in environmental
and plankton variables. Trends in in situ SST match well
those derived by satellite. For the 10-year time-window,
both in situ observations and gridded values showed
almost an equivalent number of cases of increasing and
decreasing trends (Table4.2, Figure 4.5). This equiva-
lence indicates that it is not possible to determine a re-
gional coherent trend for this time -window, highlighting
the importance of local heterogeneity in the responses of
individual variables to climate.
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The increasing SST trends tended to dominate in the20-
and 30-year analysis periods (Figure 4.5). Conversely,
negative trends in oxygen and nutrients, as exemplified
by nitrate, were more frequent over these time-
windows. However, given the uneven distribution of in
situ time series, no clear trend in chemical variables was
evident at a basin-scale. Forexample, during 2003 2012,
nitrate increased in most coastal locations across the
Northeast Atlantic and in some locations in the north-
west subbasin, such as thesouthern Bay of Biscay and
Helgoland, while it decreased at some locations in the
Baltic Sea and at the two sites avdable for the Mediter-
ranean (Figure 4.4). Considering all the compiled time
series even those with shorter dataperiods, the number
of series showing increasing trends in phytoplankton
slightly exceeded those with decreasing trends, but
particularly over long time windows (> 20 years; Fig-
ure 4.5). Sites with decreasing phytoplankton were



found in waters north of 50°N, in the southern Bay of
Biscay and in the northern Mediterranean (Figure 4.4).
Similarly, most sites recorded increases in diatoms (but
not in dinoflagellates) in time-windows exceeding 20
years, but, conversely, dinoflagellates increased in peri-
ods <10years (Figure 4.5).

Consequently, the trends in the ratio dia-
tom/dinoflagellate changed from negative to positive
when extending the time-window from 5 to 30 years.
Increasing trends in zooplankton also exceeded 50% of
available time series over short time-windows (< 10
years), but their frequency decreased for time-windows
> 10 years and even switched to a negative-trend domi-
nance for some periods, suggesting an uncoupling with
the trends in phytoplankton (Fig ure 4.5). During 2003
2012, sites with increasing zooplankton were sometimes
associated with decreasing phytoplankton, as observed
in ocean waters east of Greenland and in some locatiors
on the continental shelf area south of Newfoundland,
but there were also examples of zooplankton decreases

Chapter 4 North Atlantic Ocean

and a concomitant increase in phytoplankton, e.g. along
the coast of North America (Figure 4.4).

The asymmetry in the trends observed can be illustrated
by comparing the differences among time series in the
marginal seas, such as the Baltic and Mediterranean
(Figures 2.6b,c). We will only consider the 5-year time-
window (2008¢ 2012 for this example becauseit contains
the largest number of time series. Over this time-
window, there was a clear dominance of positive trends
in zooplankton and dinoflagellates for the N orth Atlan-
tic basin as a whole (Figure 4.5a). For time series not
included in marginal seas (Figire 4.6a), this pattern was
not observed for oxygen, but still holds for zooplankton
and dinoflagellates. In the Baltic, trends were mostly
characterized by a cooling and decreasein phytoplank-
ton, most notably diatom s (Figure 4.6b). Interestingly,
the change in the phytoplankton community indicated
by a decrease in the value of the diaton’dinoflagellate
ratio was apparently similar in the North Atlantic prop-
er and in the Baltic, but in the former case, the change

Table 4.2. Relative spatial areas (% of the total region) and rates of change within the North Atlantic region (including the Baltic Sea
and Mediterranean Sea)that are showing increasing or decreasing trends in phytoplankton biomass (CHL) for each of the standard
IGMETS time-windows. Numbers in brackets indicate the % area with significant ( p <0.05) trends. See€’Methods> chapter for a com-

plete description and methodology used.

Latitude-adjusted CHL data field 5-year 10-year 15year
surface area = 46.1 milbn km? (2008 2012) (2003 2012) (1998 2012)

Area (%) wiincreasing CHltrends 30.2% 43.9% 38.0%
(p< 0.09 (3.6%) (14.4%) (12.7%)

Area (%) w/decreasing CHltrends 69.8% 56.1% 62.0%
(p< 0.09 (25.0%) (28.2%) (38.3%)

> 0.50mg m'®decad¥ increasing 0.8% 1.2% 2.3%
(p< 0.05 (0.2%) (1.0%) (2.2%)

5.7% 6.3% 4.1%

(1.7%) (4.5%) (3.4%)

0.01 to 0.10mg m'3decad& increasing 14.9% 17.8% 16.6%
(p< 0.09 (1.6%) (6.8%) (5.9%)

0.00 to 0.0Img m'3decad€ increasing 8.7% 18.5% 15.1%
(p< 0.05 (0.0%) (2.2%) (1.2%)

0.00 toi 0.01mg m'3decad& decreasing 11.0% 18.4% 30.4%
(p<0.05 (0.4%) (3.9%) (15.3%)

0.01 toi 0.10mg m'*decad& decreasing 40.8% 33.1% 30.5%
(p< 0.09 (15.0%) (21.2%) (22.3%)

13.5% 3.8% 1.0%

(6.6%) (2.4%) (0.7%)

>70.50mg m'3decad€ (decreasing) 4.4% 0.9% 0.0%
(p< 0.05 (3.0%) (0.7%) (0.0%)
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Figure 4.4. Map of North Atlantic region time -series locations and trends for select variables and IGMETS timewindows. Upward -
pointing triangles indicate positive trends ; downward triangles indicate negative trends. Gray circles indicate time -series site that fell
outside of the current study region or time -window. Additional variables and time -windows are available through the IGMETS Ex-
plorer (http:/IGMETS.net/explorer ). See ?Methods» chapter for a complete description and methodology used.
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was due to an increase in dinoflagellates, while in the
latter, it was caused by a decreasén diatoms. In contrast
with the changes in the North Atlantic proper, the Medi-
terranean showed no change in SST, a decrease in ni-
trate, and an increase in all phytoplankton groups (Fig-
ure 4.6¢). It is important to note that stations in the Med-
iterranean are located in coastal waters (see Figre 4.4),
and these observations cannot be extrapolated to open
Mediterranean waters.

A first examination of potential causal factors of these
trends can be provided by the pairwise correlation of

time-series, as exemplified for the 10year time-window

(Figure 4.7). Changes in Reynolds SST trends were well
represented in nearly all in situ series, with a few excep-
tions (Figure 4.4). Over this 10year time-window, only

oxygen and dinoflagellates varied inversely with SST
(Figure 4.7a).

In contrast, satellite-derived chlorophyll appeared more
clearly associatedwith changes inin situ plankton varia-
bles, as shown by the positive correlations with phyto-
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plankton and zooplankton series (Fig ure 4.7c). However,
it is difficult to generalize about these re lationships as
there is large heterogeneity throughout the North Atlan-
tic. For example, during 2003t 2012, there was an equiva-
lent number of marine ecological time series showing
positive and negative correlations between some in situ
phytoplankton variable s (e.g. the abundance ofdiatoms
or the diatom/dinoflagellate ratio) and satellite chloro-
phyll (Fig ure 4.7c), suggesting divergent changes in
pigment content or cell size.

It must also be noted that only a small fraction of the
correlations were significant (for more details, see the
IGMETS Explorer), and that there are still large regions
of the North Atlantic, particularly in subtropical and
tropical regions, that were not covered by in situ time-
series observations, as they do not exist or wee not
appropriate for the purpose of IGMETS. In addition,
these correlations also vary at different time -scales, as
indicated by the increase in the proportion of positive
trends in most variables with increasing time -window
(Figure 4.5).
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the right panels. A star symbol on this dashed line indicates that the trend was statistically different ( p <0.05) from 50%. See?Methods?

chapter for a complete description and methodology used.
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Figure 4.6. Absolute (left) and relative (%, right)
frequency of positive and negative trends in varia-
bles from in situ time-series in the North Atlantic
proper, a) excluding semi-enclosed seasb) Baltic,
and c) Mediterranean seas computed for a 5-year
time-window. The 50% relative frequency is indi-
cated by dashed lines in the right panels. Se:
?Methods~> chapter for a complete description and
methodology used.

Figure 4.7. Absolute (left) and relative (%, right)
frequency of positive and negative correlations
between selectedin situ North Atlantic time -series
variables and corresponding gridded SST (red bars
t a) and chlorophyll (green bars ¢ b) for the 10-year
time-window (2002 2012). The 50% relative fre
quency is indicated by dashed lines in the right
panels. A star symbol on this dashed line indicates
that the trend was statistically different ( p<0.05
from 50%. See?Methods> chapter for a complete
description and metho dology used.



4.4 Consistency with previous analysis

Previous analyses of trends in oceanographic variables
over the North Atlantic , some using time-series data
collected by IGMETS, already showed some of the
changes illustrated here. The increasing warming trends
in the North Atlantic are some of the most repeated
examples of global change in the ocean (Levituset al,
2000; HoeghGuldberg et al, 2014). These changes were
related to various climate forcings over the N orth Atlan-
tic basin, highlighting the role of multidecadal oscilla-
tions and other natural phenomena (Hurrel | et al, 2009;
Knudsen et al, 2011). There is evidence thatspring
blooms initiated later than average in the mid -1980s but
earlier in the 1990s due to fluctuations in the NAO over
the central North Atlantic (Zhai et al, 2013). Different
trends in SST are expected, driven by changes in
upwelling intensity along t he eastern margin of the
North Atlantic (the Canarytlberian upwelling system).
Some authors indicate that upwelling in this region is
either decreasing (Pardoet al, 2011, Santo%t al, 2012) or
increasing (McGregor et al, 2007). Benazzouzt al (2015)
suggest that, in contrast to other upwelling regions,
recent increases in wind intensity in the Canaryt Iberian
upwelling system may lead to upwelling of warm wa-
ters at the regional level, and at the same time this may
allow for an increase in local primary production (De-
marcq and Benazzouz, 2015). The divergent trends in
SST and other variables observedin local time series in
the southern Bay of Biscay (Figure 4.4) may be an indica-
tion of small -scale interaction between regional and local
factors. More long-term ecological observations along
the subtropical eastern North Atlantic are needed in
order to improve the analysis of changes in upwelling
and their consequences for ecosystems.

Large changes inNorth Atlantic ecosystems resulted in
regime shifts over long time -periods. The regime shifts
that occurred in the North Sea and adjacent regions were
well studied, as the consequences affected many ecosys-
tem components (McQuatters-Gollop et al, 2007; Reidet
al., 2010; Beaugrandet al, 2015). There were &0 regime
shifts identified in other regions both in the eastern
(Hatun et al, 2009) and western basis (Plourde et al,
2014; MeyerGutbrod et al, 2015)that affected plankton
and also upper trophic -level consumers. While the time-
window approach selected in this first IGMETS analysisi
is not well suited to identify regime shifts, the large
intraregional variability in these regime shifts calls for
more comparative analysis to understand the scale-
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dependent dynamics of climate effects (Fisher et al,
2015). Changes in nutrient inputs were addressed main-
ly as consequence of oceanographic variability in water
masses and anthropogenic inputs (Llope et al, 2007;
Heath and Beare, 2008; Pérezt al, 2010), often with
divergent trends that were difficult to untangle without

a good geographic distribution of in situ observations.

The general decrease observed in satellite chlorophyll in
the North Atlantic (Table 4.1) has already been noted in
previous studies (Boyce et al, 2014). Behrenfall et al
(2015) suggested that this may result from physiological
adaptations related to thermal stratification rather than a
true decrease in primary production. There are areas
that exhibit an increase in satellite chlorophyll ( e.g. most
of the non-subtropical North Atlantic and subarctic
waters). Local series of coastal phytoplankton biomass
often reflect the interaction of several factors, as exempli-
fied in the study of the effects of wind and water tem-
perature on nutrient replenishment and phytoplankto n
dynamics during the winter ¢ spring period between
1979 and 2011 in thenorthern Mediterranean (Goffart et
al.,, 2015). Analysis of primary production observations
has pointed out the large heterogeneity in local respons-
es (Bode et al, 2011), and severalstudies have also
shown a shift in the relative dominance of diatoms,
dinoflagellates, and other phyotplankton groups (Le-
terme et ab Ow | Y Yt @wal, 2012 Suikénen et al,
2013). Recently, underlying changes at the species
specific level have been highlighted, which ultimately
affect the composition of phytoplankton communities
(Hinder et al, 2012; Bodeet al, 2015). Thee observations
stress the value and needof in situ marine ecological
time series; most of the changes observed have been
identified by using detailed species composition, data
than can only be provided by in situ time series.

While the long -term (30-year time-window) trends pre-
sented in this study are in general agreement with re-
sults from previous studies using remote sensing data,
time-series measurements from individual stations as
well as climatological fields, the interpretation of pat-
terns observed with the selected time-windows must be
made with caution. For example, the Baltic Sea shows
long-term trends in increasing water temperatures (i.e.
warming), decreasing oxygen (i.e. deoxygenation), and
decreasing nitrate (i.e. reduced eutrophication). Howev-
er, the results for the 5year time-window (Fig ure 4.6)
reveal a statistically significant majority of trends with
opposite signs for water temperature and oxygen con-
centrations, which, in turn, imply cooling and increasing
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oxygen concentrations during 2008t 2012. These appar-
ent differences between short- and long-term trends can
be attributed to the choice of time-window and, of
course, do not imply regime shifts and reversals of the
observed long-term trends.

Similarly, direct comparison of trends in concurrently
measured variables may lead to misinterpretations.
Time-series measurements of nitratein the surface layer
of the Baltic Sea show maximum concentrations during
the late 1980s but the input of nitrate to the Baltic Sea
has subsequently been reduced drastically and has re-
sulted in a significant decrease in nitrate surface concen-
trations in some basins (Feistelet al, 2008; HELCOM,
2009 2014). However, chlorophyll atrends still show no
signs of decrease or have even increased in recent years
in some Baltic Sea basins. The long residence time of
water as well as phosphorus release from anoxic sedi-
ments in combination with blooms of nitrogen fixing
cyanobacteria have been identified as slowing the de-
creasein eutrophication in the Baltic Proper. The obvi-
ous paradox of ongoing oxygen loss despite decreasing
eutrophication in the coastal regions of the Baltic Sea has
been attributed to warming -induced enhanced organic
matter respiration in combination with an extended
period of water -column stratification (Lennartz et al,
2014). In contrast, Carstensenet al (2014) showed that
ongoing eutrophication is still the main reason for the
observed long-term trend in enhanced axygen loss in the
deep basins of the Baltic Proper.
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The effects of climate and oceanographic changes in
temperature and circulation affecting nutrient inputs
and displacement of plankton are more difficult to trace
through the foodweb, as there is a mixture of direct and
indirect effects affecting the different trophic levels. This
can cause mismatches between observed trends, such as
those of phytoplankton and zooplankton at different
time-windows (Fig ure 4.4) and shown by previous stud-
ies (Richardson and Schoeman, 2004; McGinty et al,
2012).

4.5 Conclusions

The first comprehensive analysis of in situ time series
provided by IGMETS in the North Atlantic
that, despite being the most studied region of the global

revealed

ocean, there are large areas in this region still not cov-
ered by multidisciplinary in situ observations. Most of
the time series are located in areas very close to the
coasts; even in regions well covered by regular observa-
tions, such as north of the subtropical gyre, there is no
physical (e.g. temperature, salinity) or chemical (e.g.
oxygen, nutrients) information to match the biological
data. The analysis of existing time series revealed that,
even in adjacent areas that appear to be relatively ho-
mogenous, there is large variability in ecosystem behav-
iour over time as observed in the continental shelves at
both sides of the North Atlantic .
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Table 4.3 Time-series sites located in the IGMETS North Atlantic (not including Baltic Sea and Mediterranean Sea) region. Participating
countries: Canada (ca), Colombia (co), Germany (de), Denmark (dk), Spain (es), Faroe Islands (fo), Bnce (fr), Ireland (ie), Isle of Man
(im), lceland (is), Norway (no), Portugal (pt), United Kingdom (uk), United States (us), and Venezuela (ve). Yearspans in red text
indicate time series of unknown or discontinued status. IGMETS -IDs in red text indicate time series without a description entry in

Annex 2.
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http://igmets.net/sites/?id=ca-50101
http://igmets.net/sites/?id=ca-50102
http://igmets.net/sites/?id=ca-50201
http://igmets.net/sites/?id=ca-50202
http://igmets.net/sites/?id=ca-50203
http://igmets.net/sites/?id=ca-50204
http://igmets.net/sites/?id=ca-50205
http://igmets.net/sites/?id=ca-50401
http://igmets.net/sites/?id=ca-50501
http://igmets.net/sites/?id=ca-50601
http://igmets.net/sites/?id=ca-50701
http://igmets.net/sites/?id=ca-50702
http://igmets.net/sites/?id=ca-50703
http://igmets.net/sites/?id=ca-50704
http://igmets.net/sites/?id=ca-50801
http://igmets.net/sites/?id=ca-50802
http://igmets.net/sites/?id=ca-50803
http://igmets.net/sites/?id=co-30101
http://igmets.net/sites/?id=co-30102

No. IGMETS -ID Site or programme name Year-span
REDCAM Western Colombia t 2003
20 €0-30103 Caribbean Shelf resent
(Southwestern Caribbean P
REDCAM Eastern Colombiat 2003
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(Southwestern Caribbean P
Nordeney WQ -W2 1999 2008
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http://igmets.net/sites/?id=co-30103
http://igmets.net/sites/?id=co-30104
http://igmets.net/sites/?id=de-10101
http://igmets.net/sites/?id=de-30201
http://igmets.net/sites/?id=de-30301
http://igmets.net/sites/?id=dk-30101
http://igmets.net/sites/?id=dk-30105
http://igmets.net/sites/?id=dk-30106
http://igmets.net/sites/?id=dk-30107
http://igmets.net/sites/?id=dk-30110
http://igmets.net/sites/?id=es-30101
http://igmets.net/sites/?id=es-30102
http://igmets.net/sites/?id=es-30201
http://igmets.net/sites/?id=es-30401
http://igmets.net/sites/?id=es-50101
http://igmets.net/sites/?id=es-50102
http://igmets.net/sites/?id=es-50103
http://igmets.net/sites/?id=es-50104
http://igmets.net/sites/?id=es-50105

No. IGMETS -ID Site or programme name Year-span
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http://igmets.net/sites/?id=ie-30103
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http://igmets.net/sites/?id=uk-40118
http://igmets.net/sites/?id=uk-40121
http://igmets.net/sites/?id=uk-40122

No. IGMETS -ID Site or programme name Year-span
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http://igmets.net/sites/?id=uk-40123
http://igmets.net/sites/?id=uk-40124
http://igmets.net/sites/?id=uk-40125
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http://igmets.net/sites/?id=uk-40150
http://igmets.net/sites/?id=uk-40154
http://igmets.net/sites/?id=uk-40155
http://igmets.net/sites/?id=uk-40156
http://igmets.net/sites/?id=uk-40157
http://igmets.net/sites/?id=uk-40158
http://igmets.net/sites/?id=uk-40159
http://igmets.net/sites/?id=uk-40160
http://igmets.net/sites/?id=us-10101
http://igmets.net/sites/?id=us-10401
http://igmets.net/sites/?id=us-30101
http://igmets.net/sites/?id=us-30102
http://igmets.net/sites/?id=us-30201
http://igmets.net/sites/?id=us-30301
http://igmets.net/sites/?id=us-30302
http://igmets.net/sites/?id=us-50101
http://igmets.net/sites/?id=us-50102
http://igmets.net/sites/?id=us-50103
http://igmets.net/sites/?id=us-50104
http://igmets.net/sites/?id=us-50105
http://igmets.net/sites/?id=us-50106

No. IGMETS -ID Site or programme name Year-span
SEAMAP: Texas/Lousiana Shelf 1982
125 us-50201 WEST (Gulf of MexicQ present
SEAMAP: Texas/Louisiana Shelf 1982
126 Us-50202 CENTRAL (Gulf of Mexic9 present
SEAMAP: Texas/Lousiana Shelf 1982
127 Us-50203 EAST (Gulf of MexicQ present
SEAMAP: Mississippi/Alabama 1982
-50204
128 SRRl Shelf (Gulf of MexicQ present
SEAMAP: Florida Shelf NORTH- 1986
-502
129 us-50205 WEST (Gulf of Mexic9 present
SEAMAP: Florida Shelf NORTH- 1986
1 -50206 .
30 Us-o0eX EAST (Gulf of MexicQ present
SEAMAP: Florida Shelf SOUTH 1982
131 -50207 .
3 S (Gulf of Mexicg present
Northeast Off -shelf Region ¢ 1982
-50208
132 USmoRate SEAMAP (Gulf of MexicQ present
Northwest Off -Shelf Regiont 1982
-50209
133 EELLs SEAMAP (Gulf of Mexic9 present
134 us-60101 NERRS ACE Basin 2001
present
135 us-60102 NERRSApalachicola 2002
present
136 us-60103 NERRS Chesapeake Bay MD 2003
present
2002
137 us-60104 NERRS Chesapeake Bay VA
present
138 us-60105 NERRS Delaware 2008
present
139 us-60107 NERRS Grand Bay 2004
present
140 us-60108 NERRS Great Bay 200
present
2002
141 us-60109 NERRSGuana Tolomato Matanzas
present
142 us-60111 NERRS Jacques Cousteau 2002
present
143 us-60112 NERRS Jobos Bay Puerto Rico 2008
present
144 us-60115 NERRS Mission-Aransas 2007
present
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http://igmets.net/sites/?id=us-50201
http://igmets.net/sites/?id=us-50202
http://igmets.net/sites/?id=us-50203
http://igmets.net/sites/?id=us-50204
http://igmets.net/sites/?id=us-50205
http://igmets.net/sites/?id=us-50206
http://igmets.net/sites/?id=us-50207
http://igmets.net/sites/?id=us-50208
http://igmets.net/sites/?id=us-50209
http://igmets.net/sites/?id=us-60101
http://igmets.net/sites/?id=us-60102
http://igmets.net/sites/?id=us-60103
http://igmets.net/sites/?id=us-60104
http://igmets.net/sites/?id=us-60105
http://igmets.net/sites/?id=us-60107
http://igmets.net/sites/?id=us-60108
http://igmets.net/sites/?id=us-60109
http://igmets.net/sites/?id=us-60111
http://igmets.net/sites/?id=us-60112
http://igmets.net/sites/?id=us-60115

No. IGMETS -ID Site or programme name Year-span
145 us-60116 NERRS Narragansett Bay 2003
present
146 US-60117 NERR$ North Inlet ¢ 200%
D Winyah Bay present
147 us-60118 NERRS North Carolina 2001
present
148 us-60119 NERRS Old Woman Creek 2002
present
149 us-60121 NERRS Rookery Bay 2002
present
150 us-60122 NERRS Sapelo Island 2004
present
151 us-60126 NERRS Wells 2004
present
152 us-60127 NERRS Weeks Bay 2003
present
. 2002
153 us-60128 NERRS Waquoit Bay 00
present
CARIACO Ocean Time Series 1995
154 -10101 . .
= (Cariaco Basin off Venezugla present
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http://igmets.net/sites/?id=us-60116
http://igmets.net/sites/?id=us-60117
http://igmets.net/sites/?id=us-60118
http://igmets.net/sites/?id=us-60119
http://igmets.net/sites/?id=us-60121
http://igmets.net/sites/?id=us-60122
http://igmets.net/sites/?id=us-60126
http://igmets.net/sites/?id=us-60127
http://igmets.net/sites/?id=us-60128
http://igmets.net/sites/?id=ve-10101

Chapter 4 North Atlantic Ocean

Baltic Sea

Figure 4.8. Map of IGMETS-participating Baltic Sea time series on a background of a 10-year time-window (2003%2012) sea surface
temperature trends. At the time of this report, the Baltic Sea consisted of 41time series (coloured symbols of any type, see also Ta-
ble 4.4), of which 7 were from estuarine areas (yellow stars). Uncoloured (gray) symbols indicate time series being addressed in a
different regional chapter (e.g. Arctic Ocean) or in separate subregons (e.g.North Atlantic Proper, Fig ure 4.1/Table 4.3; Mediterranean
Sea, Figire 4.9/Table 4.5).

Table 4.4. Regional listing of participating time series for the IGMETS Baltic Sea. Participating countries: Germany (de), Denmark (dk),
Estonia (ee), Finland (fi), Latvia (Iv), Poland (pl), and Sweden (se)

No. IGMETS -ID Site or programme name Year-span Oxy | Ntr | Chl | Mic | Phy | Zoo
Lo W Baic SR s X X X XXX o
2| e (Souther Bac Séa et XXX XXX x X
3 deamicr (Southem Baltc S4a et X XXX XXX
4 de-30103 (l\gzﬂ::leer::uéilﬁti:ggtea p]r-zSBSnt X X X X X X X )
5 | e (Southern aatic 54 ot XXX XXX x -
o ez M et mesew X X XXX -x
7 dk-30103 Koge Bugt: DNAMAP -1727 198% X X X X X ) X i
- (Baltic Seax present
8 dk-30104 Hevring Bug;:aliil:AéI\QQP -190004 p]r.ZSeBnt X X X X X ) X i
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http://igmets.net/sites/?id=de-10201
http://igmets.net/sites/?id=de-30101
http://igmets.net/sites/?id=de-30102
http://igmets.net/sites/?id=de-30103
http://igmets.net/sites/?id=de-30104
http://igmets.net/sites/?id=dk-30102
http://igmets.net/sites/?id=dk-30103
http://igmets.net/sites/?id=dk-30104

